I. INTRODUCTION
The large number of secondary particles produced in high energy collisions, and the surfeit of possible experimental variables, has lead to an inclusive approach to the description of such events. Consequently, a set of multiparticle correlation functions are introduced which allows a succinct characterization of the data. The inclusive differential cross sections are conveniently related to the exclusive cross sections by means of a formal generating functional. l-4 Particular exclusive and inclusive cross sections can be found by taking functional derivatives with respect to its parametric function. The generating function of the multiplicity distribution, which was originally introduced by Mueller5, is achieved when the parametric function is replaced by a constant fugacity.
The analogy between the distribution of produced secondaries and the ensemble distribution of a gas or liquid system in statistical mechanics has been rather thoroughly discussed. 6 97 The multiplicity generating function (partition function)
has been used to conveniently derive properties of certain models of the production processes. 829 The introduction of long-range correlations into the multiperipheral model has been achieved using this approach 10 , and the possibility of I* phase transitions" has been discussed. 7,ll
In the above works, the generating functional and the multiplicity generating function are introduced as purely formal devices to simplify the mathematical discussion. In this paper, we wish to point out that the generating functional and the partition function are observables and can be directly measured by experiment, at least for a finite range of their variables (i. e. fugacity less than one).
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The fugacity of a particular type of particle turns out to be the probability that such a particle, once produced, will not be detected. The partition function is then found to be the difference between the true total cross section, which can be measured by an absorption experiment, for example, and the one calculated by summing over detected events. The derivatives of the partition function can also be measured by varying the detector efficiency. Even the functional derivatives of the generating functional can be measured by the same technique. 12
Since the partition function, Q(z), is an observable, it is subject to statistical fluctuations due to the finite number of observed events used to compute it. This rather unusual aspect of Q(z) will be discussed and a simple formula for the expected fluctuations will be derived. This result is clarified by an explicit calculation of the fluctuations for two different multiplicity distributions. Let us turn now to a brief review of the generating functional approach.
II. PHYSICAL GENEBATING FUNCTIONALS .
In order to develop our formalism and interpretations in a convenient and simple form, it will be assumed that only one particle type is involved in the collision processes. The generalization to several particle species is straightforward.
Following the formulation and notation of Brown, reference 1, the exclusive differential cross section for the production of n particles in the momentum interval 
The inclusive cross sections are defined as 
Let us now turn our attention to a superficially quite different problem, namely, the effect of an imperfect experimental detection efficiency on the measured cross sections. ly The experimental detection probability of a particle of momentum z is denoted by dz) and will be assumed to be known. The dependence of d on< allows for the solid angle and momentum acceptance of the detector. The raw experimental exclusive cross section d;S y , which is deduced directly from the data without correcting for the detection efficiency, depends on the probability of detecting n particles and on the probability of missing the rest:
One may prefer to divide out the explicit factors of d$ before defining the experimental cross section, but the above is convenient and more closely related to the actual data. The experimental exclusive cross section is therefore a type of inclusive cross section. Note that there is a finite probability that only one particle will be detected in the final state, hence dXy is not zero, The measured raw elastic scattering cross section is dJZr.
The experimental total cross section ZTOT is found by integrating the above over the n particle phase space and summing from n=l to n=O". The result is or in other words,
This relation allows one to directly measure the functional dependence of E [@] for arbitrary values of 4 such that 0 < $(<) < 1.
-6-The physical interpretation of this equation is clear. The difference between the true total cross section and the experimental total cross section is E(l-d),
which simply measures the total number of events in which no particles at all are detected.
The experimental multiplicity is a quantity of considerable interest and it is given by
which is the average value of d(q) over the true inclusive cross section.
The mathematical functional EL$j is introduced purely formally in order to reproduce the exclusive cross sections by taking functional derivatives with respect to 4s and then setting $I to zero. However, these purely formal manipulations can actually be carried out and have a definite operational meaning. 
where dXtxc is the experimental elastic cross section. Clearly this is not avery practical way to extract information from the data, but it does illustrate that the functional derivatives of the generating functional are experimentally realizable.
III. PARTITION FUNCTIONS
The partition function can be introduced as a special case of the generating functionals. Setting the function G(q) = z, the partition function Q(z) is defined as
Using this definition the relation between the experimental and the true total cross sections is (see Eq. (8)):
where D is the (constant) detection probability. Therefore, one sees that the partition function is an experimental observable, at least for values of its argument between zero and one, since 2 TOT is measured directly by counting events (14) which at z = 1 is equivalent to (8). To extend the above discussion to several species of produced particles, one simply notes that each type has its own detection probability and hence its own fugacity, and proceeds accordingly by expanding in multinomial series'.
IV. STATISTICAL ERRORS OF Q,(z)
Let us now consider the effect of statistical errors on the partition function by examining a simplified but not unrealistic experiment. It will be assumed that where < n-l > = c (note that this multiplicity is shifted compared to the ordinary one). The expected fractional fluctuation in Q,(z) is then Q,(z)
The fractional error is a minimum at z = 1 since the maximum amount of experimental information is used. This is true for any distribution function < Nn >.
For small values of z, only the lowest multiplicities matter, and since they involve only a small fraction of the total number of particles, the statistical errors are larger. A similar argument holds for the more interesting region of large z, which is sensitive to the decreasing number of events with multiplicities much above the average. 
where y = y(z) is given by z = ye -by . The sum coverges if I zbe I < 1 ( 0 < I y I < b-l ). Defining yl = y(z =l), the total cross section is given by Many other interesting distributions of this type can be generated by differentiating with respect to the parameters of this distribution.
The average multiplicity i n B is easily found by differentiating with respect to z and then setting z = 1 and by using the fact that dz/dy is known. The result 
where and A = 1 +b (1 +z12-2) ( + O(b2) < n-l > = c(1 +2b) + b +O(b2) .
Thus we see that this distribution leads to roughly the same type of statistical error as the Poisson, at least for values of b small compared to one. For both examples, one sees that for a given fractional error in Q, the value of z that can be reached increases only as the square root of the logarithm of the total number of events.
